Abstract Mean values of different body dimensions in different age cohorts of children make it possible to learn a lot about their dynamic changes. Their comparative analysis, as is usually practiced, in fact leads to a simple description of changes in measurement units (mm or cm) at the average level of some body dimension during a shorter or longer period of time. To estimate comparative intensity of the growth process of different body dimensions, the authors use the analogue of Mahalanobis distance, the so-called Kullback divergence (1967), which does not demand stability of dispersion or correlation coefficients of dimensions in compared cohorts of children. Most of the dimensions, excluding skinfolds, demonstrate growth dynamics with gradually reducing increments from birth to 7 years. Body length has the highest integrative increment, leg length about 94% of body length, body mass 77%, and trunk and extremities circumferences 56%. Skinfolds have a non-monotonic pattern of accumulated standardized increments with some increase until 1-2 years of age.
Introduction
Mean values of different body dimensions in different age cohorts of children make it possible to learn a lot about their dynamic changes. Their comparative analysis, as is usually practiced, in fact leads to a simple description of changes in measurement units (mm or cm) at the average level of some body dimension during a shorter or longer period of time. Such an approach does not allow us to estimate comparative intensity of growth of different body dimensions, as they may have different measurement units, absolute average levels and variation scale.
One of the methods of studying the comparative degree of growth changes for different body dimensions is to express the dynamic series of each dimension in k moments of time X 1 , X 2 , ..., X k in any standardized form. Such standardization is realized very often in the form of age series of proportions X 1 /X 0 , X 2 /X 0 , ..., X k /X 0 , where X 0 is the standardizing dimension, usually the meaning of dimension from the beginning of the series X 1 , or the final meaning of the series X k . In the first case (X 0 ϭX 1 ) dimensions of a standardized row allow us to estimate the average increase of the dimension during the analyzed time interval. In the second case (X 0 ϭX k ) standardized file allows us to estimate the part of final dimension X k reached by the measurement at some period of time. The second case of standardization served as the basis of the well known Scammon (1930) is a well known standardized difference of average values, expressed in parts of standard deviation. Due to this fact it will be completely comparable for all possible body dimensions. At the same time, the empirically fixed fact of significant growth changes of the intragroup variation and correlation values of anthropometric dimensions in children of different ages (Borovka, 1928; Berkson, 1929; Brodovskaya, 1934; Aron, 1940; Solovjeva, 1964 Solovjeva, , 1965 Uryson, 1973; Vlastovsky, 1976; Deryabin et al., 2004) imposes substantial difficulties on the application of this method. The essence of these difficulties lies in the impossibility of operating with some unified level of standard deviation of dimension for a more or less prolonged time interval.
One of the possible solutions to the problem is based on using for the measuring of accumulated value of average differences of dimensions in two moments of time the analogue of the Mahalanobis distance, which does not require stability of dispersions and correlation coefficients of dimensions in compared groups of children. One such analogue is the so-called Kullback divergence (1967) . The simple form of this interval measure is
2 is the Mahalanobis distance, found with account of covariation matrix in the first
Ϫ1 (X 1 ϪX 2 ) moments of time. X 1 and X 2 are sets of average values in the first and second moments of time, S 1 and S 2 are intragroup covariation matrixes for these moments of time, and V(S 1 , S 2 ) is a term depending only on differences of covariation matrixes determined by correlation coefficients and dispersions of dimensions at two age points. The value V(S 1 , S 2 ) does not depend on average levels of dimensions and is not of any interest to the problem of morphological differences determined by them. Then the most interesting part of the Kullback interval, depending on differences of average values sets, may be put as (D m1 2 ϩD m2 2 )/2. In case of only one dimension, X vectors of means X 1 and X 2 will be mean values X 1 and X 2 , while covariation matrixes will be intragroup dispersions S 1 2 and S 2 2 . Then the term of the Kullback divergence, depending on differences of average levels, will have a simple form of its specific case where the symbol Ϯ becomes (ϩ) when X 1 ϾX 2 and (Ϫ) when X 1 ϽX 2 . D values found for different dimensions will be abstract values, expressed in parts of their standard deviations. Thus, they will be completely comparable for all analyzed body dimensions irrespective of their measurement units, absolute values or degree of intragroup variation. (kϪ1) ) . It will begin from a conventional zero level in the first moment of time t 1 and any of its further values will enable us to state the level of changes of the dimension, expressed in intragroup standard deviation, for the period of time passed. Final values SD tk found for different body dimensions will enable us to compare the levels of growth changes of these dimensions on a broad time interval from t 1 to t k points.
Material and Methods
The proposed method was applied for the sample of Moscow boys and girls measured in 1973-1974 by means of a cross-sectional study undertaken by V. M. Krans (1979) . The time interval from the moment of birth through 2.5 years was divided into age and sex groups with one month intervals. The number of observations for each of these groups was 20-40 children. The comparatively small number of observations in these groups was compensated for by an analytic procedure of the smoothing of dynamic series of the total data set by the mean squares method. This was meant to improve the influence of random effect in different age-sex groups. Agesex groups had a 1-year interval through the period of 3 to 7 years, and the number of children for each age and sex group was 100. Thus, we operated with 36 age groups for each sex. Calculation of the velocities of changes of values D (t 2 Ϫt 1 ) , D (t 3 Ϫt 2 ) ... D (t k Ϫt (kϪ1) ) and of the accumulated levels of these velocities SD t 2 , SD t 3 , ..., SD t k was undertaken using special software by V. E. Deryabin (Deryabin et al., 2004) 
called CULBAC (for MS-DOS).

Results
The dynamic series of the accumulated standardized SD ti changes of different body dimensions for boys are presented in Figs. 1-4. They have the same patterns for girls.
For most of the analyzed body dimensions (Figs. 1-3) excluding skinfolds (Fig. 4) dynamic changes of accumulated levels of standardized velocities demonstrate growth with gradually reducing increments. According to Figs. 1 and 2, children from birth to 2 months demonstrate an extremely high monthly growth velocity of body length and body mass, exceeding one unit of the value of standard deviation of these dimensions through the given time interval. The extremely high velocity is registered until 2 months of age when its value is close to 1.5. The analogue values for the leg length are just slightly less.
As mentioned above, the applied methods of standardized growth curves allows us to compare the velocity values and final levels of body increments measured in different units and having different absolute dimensions and variation levels. To get a more detailed picture, one may express values of accumulated standardized velocities found in the final age Table 1 . The comparative values of the total standardized increments of the dimensions reveal hardly any marked sex differences.
Leg length has the value of total standardized increment closest to body length, the level of its increment being 0.94. It means that the leg length value of total standardized increment from birth to 7 years of age equals 94% of the similar body length increment. These two dimensions have the highest growth velocities.
One more dimension having a rather high level of growth changes is foot length. Its total standardized changes equal about 0.77 of similar body length changes. Body mass shows 1 -body length, 2 -leg length, 3 -biacromial diameter, 4 -pelvic width, t -age in months.
Fig. 2
Values of accumulated standardized velocities in Moscow boys: 1 -body mass, 2 -foot length, 3 -wrist circumference, 4 -ankle circumference, t -age in months.
Fig. 3
Values of accumulated standardized velocities in Moscow boys: 1 -transversal chest diameter, 2 -sagittal chest diameter, 3 -neck circumference, 4 -chest circumference, 5 -waist circumference, t -age in months.
Fig. 4 Values of accumulated standardized velocities in Moscow boys:
Skinfolds: 1 -subscapular, 2 -chest, 3 -bdomen, t -age in months. Skinfolds have principally different patterns of accumulated standardized increments dynamics through the 0-7 interval (Fig. 4) . There is some increase of the level up to 1-2 years, followed by a consequent monotonous decrease up to 6 years of age and completion of the changes. The maximum level of accumulated standardized increments reached at 1-2 years of age equals 1.3-3.2 of standard deviation for different skinfolds, which is less than analogous values found for other dimensions.
Discussion
The dynamics of accumulated levels of standardized velocities for most of the body dimensions studied, excluding skinfolds, display a growth pattern with gradually decreasing increments. These results correspond with the growth patterns, revealed in the course of longitudinal studies of preschool children (reviews: Johnston, 1978; Tanner, 1994) , though our study deals with cross-sectional data.
Skinfold patterns in our study correspond with the well known results of the Tanner and Whitehouse study (1975) , demonstrating negative dynamics beginning from 1-2 years of age with minimum thickness at 5-7 years followed by a monotonous increase in their values till the end of the "second childhood". Further on, this process continues for girls, but settles down for boys at the beginning of the pubertal period. According to some longitudinal studies (review: Tanner, 1994) combined thickness of subscapular and triceps skinfolds increases from birth to 6 months and keeps almost stable till 9 months with a subsequent decrease of subcutaneous adipose tissue till 12 months. Figure 3 apparently represents the prolongation of this process.
Some other studies (Malina et al., 1974) of children with a definite nutrition deficiency from Guatemala register maximum values of subscapular and triceps skinfolds much earlier, at 3 months of age, with a subsequent decrease. Some groups of children (review: Johnston, 1978) do not show the distinct pattern of such dynamic changes (increase followed by decrease) in infancy.
Conclusions
Most of the body dimensions studied, excluding skinfolds, have a definite velocity pattern of changes of accumulated standardized values with monotonously decreasing increments.
Body length shows maximum total increments of growth changes, expressed in accumulated standardized values, among the whole sample of body dimensions through 0 to 7 years. Other skeletal dimensions have a wide range of total increments: from a maximal 94% for leg length to 31% for wrist circumference with an average level of 30-60%. Body and extremities circumferences, dependent on muscle and fat development, have typical total increments about 30-40%, body mass 77%.
Skinfolds have a non-monotonic pattern of accumulated standardized increments through the 0-7 year interval, including some increase of dimension levels up to 1-2 years with a subsequent monotonous decrease up to 6 years with the later stabilization of these changes.
